In previous studies it was found that the growth of 110 of 169 strains of bacteria tested was prevented by human saliva (Bibby, Clough and Hine, 1938). This effect was more marked against some types of organisms than against others, those most affected being bacilli and cocci isolated from air and water; those least affected, organisms isolated from the mouth. Differences occurred in the inhibitory potency of saliva from individual to individual and from time to time. Dissimilarities were noted between the agent effective against Micrococcus lysodeikticus and that acting on strains of lactobacilli, streptococci, and staphylococci. The former activity was removed by Berkefeld-N filtration and appeared to be more closely associated with oral bacteria and the presence of epithelial cells. Our suggestion that there are two distinct antibacterial agents in the saliva is supported by Thompson who has summarized the evidence in an excellent review (1940) and shown (1941) differences in the properties of salivary lysozyme and another antibacterial factor in the saliva.
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The present study was designed to establish more definitely whether there is more than one antibacterial agent in saliva and, if so, to investigate the properties of such agents. To this end saliva was subjected to various treatments before testing against susceptible bacteria. Tests were made of its mode of action on different organisms and attempts at concentration and purification of the agents were undertaken.
METHODS
The antibacterial activities of saliva were tested by the well method (Bibby, Clough and Hine, 1938) Bacteriology. effect was demonstrated by the occurrence of a colony-free zone around the well containing the test saliva. Variations of more than 1 mm. in zone width were interpreted as indicating differences in antibacterial power.
Fifteen species of bacteria, selected because previous tests had shown that they were susceptible to the inhibitory action of saliva, were used. They were Micrococcus lysodeikticus, Sarcina lutea, Bacillus Ultraviolet radiation. Saliva was exposed for varying periods of time at a distance of 5 inches to ultraviolet radiation from a mercury-vapor arc. After exposure for 30 minutes, the samples were devoid of activity against Micrococcus lysodeikticus, Sarcina lutea and Bacillus megatherium in 4 instances and decidedly weakened in 3. The results against Lactobacillus acidophilus were uncertain-one test showed a weakened, the other test an increased, activity. Ultraviolet light had no effect on antibacterial activity toward 7 other organisms of the second group which were tested.
Freezing and thawing. Rapid and successive freezing and thawing of 1-ml. portions of saliva at -55°and 4500. was repeated 10 times. After each freezing and thawing, a tube was set aside for testing. In 27 tests with Micrococcus lysodeikticus, Lactobacillus acidophilus, Staphylococcus aureus, Streptococcus hemolyticus, and Escherichia coli this treatment had no appreciable-effect on the antibacterial activity of saliva. In 1 out of the 5 tests with Lactobacillus acidophilus, however, the potency of the saliva was definitely reduced.
Storage. Pooled specimens of centrifuged saliva were kept at 370, 200, and 5°C. Aliquots were removed and tested at intervals up to 2 months. At 200C., the antibacterial activity was completely destroyed in 12 days; whereas at 50C. it was not appreciably diminished after 2 months. After 24 hours at 370C., the antibacterial activity against Micrococcu lysodeikticus was weakened, and against Sarcina lutea and Bacillus megatherium destroyed. The effect on Staphylococcus aureus, Streptococcus hemolyticus, and Lactobacillus acidophilus did not disappear until after 6 days' storage at 370C.
Adsorption. The effect of adsorption on kaolin, charcoal, and aluminum hydroxide was studied. These adsorbents were added to 5 volumes of centrifuged pooled saliva and kept at 500. for 24 hours. In 18 tests, kaolin removed all of the antibacterial activity. In parallel tests, charcoal had no effect except in 3 of 5 tests with Staphylococcus aureus, in which the saliva was rendered inactive. The results with aluminum hydroxide were inconclusive. Attempts at elution were unsuccessful. pared by washing 24-hour growths from agar slants with 2 ml. of saline, were added to tubes containing 10 ml. of centrifuged saliva. The acetone-precipitation and acid-alcohol-extraction method of Roberts, Maegraith and Florey (1938) was applied in 6 tests.
Amounts of 50 to 1600 ml. of pooled saliva or mouth washings were used in each test. The acid-alcohol extracts gave zones against Micrococcus lysodeikticus equal to the original samples. A second acetone precipitation of the dialyzed extracts did not yield larger zones. Because tests showed that acid alcohol did not completely extract the activity from the acetone precipitates, 6 precipitates from saliva were treated with a NaOH/KH2PO4 buffer (pH 7.4), which preliminary tests had shown to be an efficient extracting agent. After dialysis, the potency of the extracts and second acetone precipitates did not exceed that of the original saliva. Extraction of chloroform emulsions of saliva with the buffer gave similar results, but extractions with 0.1 N and 0.01 N NaOH or 2 per cent acetic acid were even less effective, either failing to remove much of the antibacterial agent from the emulsions, or inactivating it. Relationship of antibacterial activity to specific constituents of saliva To determine whether there is any correlation between the bactericidal activity of saliva and any of its constituents, its source, method of collection, etc., the potency of 20 salivas toward Micrococcus lysodeikticu8, Staphylococcus aureus and LactobaciUlus acidophilus was compared with the age of patient, rate of salivary secretion, number of epithelial cells, leucocytes, total bacteria (hemocytometer count), total viable bacteria (colony count), numbers of starch-hydrolyzing bacteria, content of nitrogen, nonprotein nitrogen, total solids, total organic material, catalase, ptyalin, neutralizing powers, and total inorganic and organic buffering capacities. Serial dilutions of saliva in sterile distilled water, 1:1, 1:2, 1:4, 1:8,... up to 1:1048, were employed to permit accurate measurements of antibacterial activity.
Against Micrococu lysodeikticus, the salivas gave zone widths of from 1 to 9 mm. (dilution potencies of 1:8 to 1:512), but smaller zones or no effects against Staphylococcus aureus and Lactobacillus acidophilus. A high bactericidal power often coincided with low ptyalin. A low bactericidal power was sometimes associated with a low leucocyte count and high values for nitrogen and total organic material. These correlations were not consistent and were not statistically significant.
Mode of action of antibacterial agents
To determine whether the zones produced in well tests are manifestations of killing or merely of inhibition of growth, two types of tests were carried out. In one, fragments of agar were cut from the zones about the wells and inoculated into fresh culture media. The results showed that the zones on plates of Micrococcus lysodeikticus, Sarcina lutea, Lactobacillus acidophilus and Staphylococcus aureus were almost always sterile. However, technical difficulties and the possibility that the death of the organisms was the result of time or factors other than salivary action limited the value of this approach.
The other method, which also served as a means for testing the delicacy of the well test, made use of plate counts. The saliva Fractions (c) = first 15 ml. to pass Berkefeld-N filter.
Fractions (d) = 15th-30th ml. to pass Berkefeld-N filter.
necessary for these tests was sterilized by filtering or heating. On the basis of previous well tests, the following fractions of centrifuged saliva were used: (a) heated at 65°C. for 10 minutes, (b) heated at 8000. for 10 minutes, (c) first 15 ml. to pass a Berkefeld-N filter, and (d) 15th-30th ml. to pass the filter. Fractions (c) and (d) served as inactive controls in tests against the Micrococcus lysodeikticus group of organisms, and fractions (b) and (c) as inactive controls for tests on the other organisms. Tests were made of the sterility (0.2 ml. inoculated on agar), and potency (well test) of all fractions, and the tests made with unsatisfactory specimens were discarded. Amounts of 0.01 ml. of 24-hour broth cultures, diluted to match appropriate barium sulphate standards, were added to 4-ml. aliquots removed immediately after the addition of the organisms and after 2, 4, 6, and 24 hours. In another series, a 7-hour count was substituted for the one at 24 hours, and controls of Douglas broth were added. Typical results of the plate-count tests are presented in table 2.
All the tests are summaritzed in table 3. Micrococcus lysodeikticus 
DISCUSSION
From the results presented above, it appears that the bacteria tested fall into 2 groups in respect to the action of saliva. In the first group are Micrococcus lysodeikticus, Sarcina lutea and Bacillus megatherium; in the second group, Staphylococcus aureus, Streptococcus hemolyticus, Lactobacillus acidophilus, Bacillus subtilis and the enteric organisms. While the results can be accounted for in part by differences in the susceptibility to saliva of the organisms in the first and second groups, a more satisfactory explanation is provided by postulating the existence of two antibacterial agents, one effective against the first group of organisms, the other against the second group. This hypothesis is supported by the dissimilarities in filtrability, resistance to heating and ultraviolet radiation, survival on storage, etc., that are set forth in table 1. Thompson (1940) is in agreement with this idea and has presented experimental confirmation (1941) of some of our tests.
The suggested existence of two antibacterial agents in saliva raises the question of their relationship to Fleming's lysozyme. Reference to the properties of the salivary agent effective against the first group of bacteria shows their close resemblance to those described for lysozyme by Fleming and Allison (1927) . Our first agent differs only in its apparent inability to pass a Berkefeld-N filter and its greater resistance to heating. Even if these differences are not explicable on technical grounds, acceptance of the idea (Ledingham, 1931 ) that Fleming's lysozyme comprises a series of similar bactericidal agents makes it possible to consider the first salivary agent as a lysozyme. The second salivary agent, however, must be regarded differently because it not only fails to lyse Micrococcus lysodeikticus, but also differs from lysozyme in most of its other properties.
The peculiar results given by the bacterial adsorption tests deserve comment. That suspensions of Micrococcus lysodeikticus in saliva destroyed its ability to inhibit Staphylococcus aureus, but not Micrococcus lysodeikticus itself, and that Staphylococcus aureus inactivated the anti-lysodeikticus and not the anti-staphylococcal agent, seems to be a most unusual finding. It will require further study before an explanation is forthcoming.
The observation that different salivary agents appear to act on BaciUus megatherium and Bacillus subtilis is curious, because these organisms resemble one another so closely in other respects. However, since differences in the reactions of strains of BaciUus subtilis to saliva have been noted (Bibby, Clough and Hine, 1938) , we cannot be sure that the strain tested was a typically-reacting member of the group. The possibility that individual strains could undergo variations in their susceptibility to salivary action is suggested by Fleming and Allison's finding (1927) that the resistance of organisms to lysozyme can be increased by growth in its presence. An indication of the essential dissimilarity of the two salivary agents may be found in the observation that, regardless of the cause of the resistance of Bacillus subtilis to the lysozyme-like agent, it was still susceptible to the action of the other salivary agent.
Since some considerations of the possible r6le of the salivary antibacterial agents have been presented in a previous paper (Bibby, Clough and Hine, 1938) , that subject need not be discussed now. However, the fact that saliva acts more rapidly and strongly against one group of ordinarily saprophytic organisms than against a second group of potentially pathogenic organisms offers some support for the idea that the rapidity of bacterial destruction by saliva may be a factor in determining the pathogenic significance of microrganisms in the mouth.
BUMMARY
Tests on 15 species of bacteria indicate that saliva exerts antibacterial effects on a wide variety of organisms.
The effects on saliva of heating, ultraviolet radiation, storage, freezing and thawing, filtration, adsorption, and chemicals suggest that saliva contains at least two antibacterial principles. One of these resembles lysozyme, the other is apparently distinct from it.
